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 A greenhouse cannabis cultivation took place in Agriculture university of Athens in order to quantify the 
efficiency of beneficial insects as a main method of pest management. Cannabis plants grown in two greenhouses 
and beneficial insects were released only in one greenhouse as a means to investigate the efficacy against pests 
by the comparison with the control greenhouse. Measurements included the visual estimation of infestation, the 
recording of pest species and populations, and the comparison of infestations and yields amongst greenhouses. 
Our results indicate that beneficial insects could control pest populations up to 100%. Even though the 
environmental conditions were not optimal and consecutive pest infestations were observed throughout the 
duration of our study, the beneficial insects successfully managed the pest populations. In conclusion, biological 
control with beneficial insects is a very effective method for pest management in greenhouse cannabis 
production. 




Cannabis is one of the oldest plants and it is cultivated for a variety of uses for at 
least 5000 years. Cannabis raw materials are used for textiles, paper, rope, as a 
food stuff and fuel. Nowadays, they are used extensively in the cosmetic and 
biodegradable plastics field (McPartland et al., 2000). There is a wide range of 
cannabis components, while the most-known for their healing properties are 
from the cannabinoids, cannabidiol (CBD) and tetrahydrocannabinol (Δ9-THC). 
Depending to the Δ9-THC content, that represents the psychoactive constituent of 
the cannabis plant, there are three cannabis chemotypes. The drug type (Δ9-
THC>2%), the fibre type (Δ9 THC<0.5% - CBD<0.5%) and the intermediate type 
(Δ9-THC & CBD >0.5%). At present, many European countries have approved the 
cultivation of industrial cannabis with tetrahydrocannabinol (THC) contents 
lower than 0.2%. The use of cannabis in medicine was described extensively, from 
40-90 C.E. in Greece. During 1919, the marketing of hashish was banned due to 
psychoactive and harmful effects on health. Medical cannabis was legalized in 
Greece in March of 2018 under strict legislations, ending the 90 years prohibition 
(Folina et al., 2019). Cannabis crop, as a renewable source for starting materials, 
gained ground, because of the legislation changes, the depletion of feedstocks and 
the forests dwindle to timber limits (McPartland et al., 2000). Cannabis can be 
cultivated in field conditions or in a greenhouse. Over time, the greenhouse option 
is preferable. At first, crop is independent of the external weather conditions that 
gives the opportunity to cultivate crops that otherwise could not be produced at 
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that specific location and season. Furthermore, greenhouse enables adjustment the desirable crop environment. 
Managing the environmental hazards is paramount to getting the best probabilities of success, higher yields, better 
quality and higher profits (Straten et al., 2010). It is a common practice to cultivate cannabis in greenhouses 
(Kalinowski et al., 2020). 
 One of the greatest problems in greenhouse cultivation is insect infestation, many losses are observed due to 
insects. At about 13% of fibre crops were lost, according to Agrios (1997). Greenhouse favorable conditions 
encourage the rapid growth of insects’ population. Much of the insect’s control has been based on the use of 
synthetic chemical insecticides that are really easy to use and there are many available products for almost all pests. 
Unfortunately, insecticides create some undesirable problems. Pesticides residues can contaminate soil, aquifer and 
affect all the organisms. In addition, insects can gain resistance to insecticides. Furthermore, in medical cannabis 
cultivation, there are strict legislations and restrictions in pesticides use. For these reasons there is a need to 
investigate new environmentally friendly, profitable methods for pest control (van der Werf, 1996). Biological 
control represents one efficient alternative pest management method. It is about the desirable use of beneficial 
insects, called natural enemies to control and decrease the number of pests (Quarles, 2018). Biological control 
practical successes have been obtained. It is safe for the grower and the customer as there are not pesticides 
residues in the product. Phytotoxic effects on young plants are avoided. The release of natural enemies takes less 
time; there is no need for re-entry time and attention as the pesticides. Insecticide’s resistance is prevented. There 
are not constraints in harvesting season while with chemical control has to wait several days before harvesting is 
allowed again. Introduction of natural enemies promotes and increases the population of them and the pest 
management is permanent. In addition, it is harmonized with EU reduction plan (van Lenteren, 2000). The most 
serious and common pests that infest cannabis greenhouse cultivation are the twospotted spider mites (TSSM), 
aphids, thrips and whiteflies (WF). There is a range of natural enemies and nematodes that control pests. A variety 
of actions indicates the use of beneficial insects. Predators that kill and consume many pests. Parasitic wasps that 
parasitize the pests. Entomopathogenic nematodes that penetrate the body of pests, release pathogenic bacteria 
and kill them. The stage of the host that will be affected depends on the parasite. There is a wide range of natural 
enemies. At this point, a brief description of the released beneficial insects in this experiment will be referred. The 
predatory mite Neoseiulus californicus and gall-midge Feltiella acarisuga have been used for twospotted spider 
mites’ control. N. californicus targets at all stages of TSSM. Furthermore, F. acarisuga was introduced by making a 
hole in the lid and locating the can directly in the middle of the greenhouse. To control aphids, two parasitoids of 
Aphidius matricariae and Aphidius ervi and lacewing of Chrysoperla carnea were used. Parasitized aphids turn into 
mummies. The adult parasites emerge through a round hole at the rear of the mummy. To control thrips pressure 
two predators were used. Predatory mite Amblyseius swirskii and predatory bug Orius laevigatus. The predatory 
mite Amblyseius swirskii have been also used for whitefly control as it can also consume eggs and larvae of whitefly. 
Furthermore, two parasitic wasps, Eretmocerus eremicus and Encarsia formosa were used against WF.  
 To sum up, the aim of this present study was to quantify the efficiency of beneficial insects as a main method of 
pest management in greenhouse cannabis production. 
 
MATERIALS AND METHODS 
A greenhouse experiment was conducted in the Agriculture University of Athens (latitude: 37° 59′ 1.70′′ N, 121 
longitude: 23° 42′ 7.04′′ E and altitude: 29 m above sea level). Cannabis plants were grown in two different 
greenhouses. Beneficial insects were released only in one greenhouse (treatment). Νο additional pesticides were 
used during the cultivation. The cultivar used was Futura 75, a monoeicus variety. On March the 1st, 160 seeds were 
sown in a floating system.  
 Once the seedlings developed the second pair of true leaves, they were transplanted in pots, and the pots 
were transferred into greenhouses (March 22). Each pot was filled with a mixture of compost and soil from the 
experimental field of the department of Agronomy. Τhe plants were irrigated as required. Three weeks after 
transplantation, beneficial insects were released in the treatment greenhouse in order to assess the efficacy of 
biological pest management. Predators were applied by hanging slow-release sachets (each sachet contains 100 
predatory and storage mites) of N. californicus on cannabis plants.  F. acarisuga was introduced by making a hole in 
the lid and locating the can directly in the middle of the greenhouse (Table 1).  
The parasitoid mummies were spread evenly in Diboxes in the greenhouse. Larvae of C. carnea were introduced 
on the leaves by sprinkling gently the content of the bottle (Table 2). Predatory mites were applied by hanging slow-
release sachets (each sachet with hook contains 250 predatory mites and storage mites) of A. swirskii on cannabis 
plants. Predatory bug O. laevigatus was applied by spreading evenly, the bottle materials on leaves and in Diboxes 
(Table 3). The application of parasitic wasps was achieved by hanging cardboard strips, which contained parasitized 
whitefly pupae (Table 4). The species of beneficial insects released in the Treatment greenhouse, the release time, 
as well as their release rate, are presented in Table 1,2,3,4.  
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Table 1. Time and rate of releasing beneficial insects against TSSM 
 
Release date (Week) Treatment Number of individuals per m² 
14-Apr (4) N. californicus 1 sachet 
 F. acarisuga 0.2 
28-Apr (6) F. acarisuga 0.2 
5-May (7) N. californicus 1 sachet 
19-May (9) N. californicus 1 sachet 
 F. acarisuga 0.2 
 
Table 2. Time and rate of releasing beneficial insects against Aphids 
 
Release date (Week) Treatment Number of individuals per m² 
14-Apr (3) Aphidius ervi 2 
 Aphidius matricariae 5 
  Chrysoperla carnea 20 
21-Apr (4) Aphidius ervi 2 
 Aphidius matricariae 5 
 Chrysoperla carnea 20 
28-Apr (5) Aphidius ervi 2 
 Aphidius matricariae 5 
  Chrysoperla carnea 20 
5-May (6) Aphidius ervi 2 
 Aphidius matricariae 5 
 Chrysoperla carnea 20 
12-May (7) Aphidius ervi 2 
 Aphidius matricariae 5 
  Chrysoperla carnea 20 
19-May (8) Aphidius ervi 2 
 Aphidius matricariae 5 
 Chrysoperla carnea 20 
26-May (9) Aphidius ervi 2 
  Aphidius matricariae 5 
 
Table 3. Time and rate of releasing beneficial insects against Thrips 
 
Release date (Week) Treatment Number of individuals per m² 
14-Apr (3) Amblyseius swirskii 1 sachet 
  Orius laevigatus 5 
21-Apr (4) Orius laevigatus 5 
28-Apr (5) Orius laevigatus 5 
5-May (6) Amblyseius swirskii 1 sachet 
  Orius laevigatus 5 
12-May (7) Orius laevigatus 5 
19-May (8) Amblyseius swirskii 1 sachet 
  Orius laevigatus 5 
26-May (9) Orius laevigatus 5 
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Table 4. Time and rate of releasing beneficial insects against WF 
Release date (Week) Treatment Number of individuals per m² 
14-Apr (3) Eretmocerus eremicus 5 
  Encarsia Formosa 5 
21-Apr (4) Eretmocerus eremicus 5 
  Encarsia Formosa 5 
28-Apr (5) Eretmocerus eremicus 5 
  Encarsia Formosa 5 
5-May (6) Eretmocerus eremicus 5 
  Encarsia Formosa 5 
12-May (7) Eretmocerus eremicus 5 
  Encarsia Formosa 5 
19-May (8) Eretmocerus eremicus 5 
 Encarsia Formosa 5 
 
 Beneficial insects were obtained by KOPPERT HELLAS.  
Measurements included the visual estimation of infestation, the recording of pest species and populations, and 
the comparison of infestations between the two greenhouses. The main pests identified in the greenhouse included 
the twospotted spider mites (Tetranychus urticae), aphids (Aphis gossypii & Myzus persicae), thrips 
(Frankliniella occidentalis), and whiteflies (Trialeurodes vaporariorum & Bemisia tabaci). Only the nymphs and adult 
stages of pests were counted (no egg stage). The measurements of the pest population were taken in the third, fifth, 
seventh and ninth week. The number of pests (TSSM, aphids, thrips, WF) was counted with hand-held digital 1600X 
microscope in order to quantify the efficiency of beneficial insects. The average pest populations were measured on 
ten plants (4 leaves per plant) per greenhouse. Greenhouse temperature and humidity fluctuation were estimated, 
at about, 13 °C and 25% the lowest, while the greatest values were 43oC and 90%, respectively.  
The experimental data were subjected to statistical analysis using the SigmaPlot 12 statistical software (Systat 
Software Inc., San Jose, CA, USA) according to the completely randomized design (CRD). Data were subjected to one-
way analysis of variance (ANOVA) and differences between means were separated using the Fisher’s Least 
Significant Difference (LSD) test. Simple regression analysis was carried out at the 5% level of significance (p  
0.05). 
 
RESULTS AND DISCUSSIONS 
Concerning greenhouses, weeks and interactions of these factors had statistically significant differences in all 
pest populations. About the treatment, a continuous reduction of all pest populations was observed throughout 
the experiment, approaching zero value per plant (Table 5).  
Table 5. Average number of pest populations in the Treatment greenhouse (80 plants) 
  3rd 5th 7th 9th 
TSSM1                         2640 1144 360 152 
Aphids                        7192 4280 1512 368 
Thrips                         2088 1160 568 208 
WF2                              1512 1296 776 320 
1TwoSpotted Spider Mites 
2Whitefly  
 
The complete opposite was noticed in the control greenhouse. There was a high increase in all pest populations 
until the seventh week and a reduction of the populations in ninth week, compared to the seventh week populations. 
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Only in whiteflies populations, the increase remained stable until the last week (Table 6). 
 
Table 6. Average number of pest populations in the Control greenhouse (80 plants). 
 
 




                          7th 
 
                                             9th 






                         10.504 6.280 
Aphids          6.904 
. 
19.472 
                         52.496 25.192 
Thrips          2.008 3.584                                       
                           4.136 
 
3.296 
WF2               1.248  2.088 
                           3.760 5.896 
1TwoSpotted Spider Mites 
2Whitefly  
 
Furthermore, there was not a statistically significant difference between the greenhouses during the third week, 
concerning all pest populations. According to TSSM, aphids and thrips populations, we noticed that there were 
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Figure 1. The two-spotted spider mite (TSSM) populations /Greenhouse/week. Vertical lines represent standard 
mean errors. Different low-case letters denote a statistically significant difference between treatments according 
to the Fisher’s LSD test (p  0.05). 
 
 
Figure 2. The aphid’s populations/Greenhouse/week. Vertical lines represent standard mean errors. Different 
low-case letters denote a statistically significant difference between treatments according to the Fisher’s LSD test 
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Figure 3. The thrips populations/Greenhouse/week. Vertical lines represent standard mean errors. Different low-
case letters denote a statistically significant difference between treatments according to the Fisher’s LSD test (p  
0.05). 
 




Figure 4. The whiteflies (WF) populations/Greenhouse/week. Vertical lines represent standard mean errors. Different low-
case letters denote a statistically significant difference between treatments according to the Fisher’s LSD test (p  0.05). 
 
Regarding to the highest decrease of TSSM populations, at about 96.5%, was noted in seventh week, while the 
lowest number of TSSM populations was 152 TSSM in the Treatment greenhouse in ninth week and the highest 
value was 10.502 TSSM in control greenhouse, the seventh week. The highest decrease of aphids’ population was 
presented in seventh week at a rate of 97.1%. The lowest number (368 aphids) was noted in ninth week in the 
treatment and the highest total value of aphids’ population was 52.496 aphids in the control greenhouse, in seventh 
week. About to thrips, the highest decrease of their population between the greenhouses was observed in seventh 
week, at about 86.2%. The lowest and the greatest values of thrips population were 208 (treatment greenhouse) 
and 4.136 (control greenhouse) per greenhouse in ninth and seventh week, respectively. Whiteflies were the only 
case that the highest rate of reduction (94.6%) between the treatments was noticed in ninth week. While the highest 
population of WF was 1045 WF/greenhouse, in control greenhouse, the ninth week and the lowest number/ 
greenhouse was 320 in the treatment. 
Even though, the environmental conditions were not optimal, there were optimal climate conditions for the 
development of the pests and extremely hard conditions for beneficial insects’ sustainability. Nevertheless, the 
beneficial insects successfully managed the pest populations. Natural enemies can be an exceptional method for 
pest management in greenhouse cannabis production that deal with significant problems. The resilient to 
insecticide and the environmental pollution by insecticides (Peterson,2021).  
Given that researches about biological pest control in cannabis greenhouse cultivation are limited, other crops 
results will be mentioned. According to Rehman (2020), experiment findings have proven that Chrysoperla carnea 
is an effective biological pest control agent in a tomato greenhouse cultivation. Furthermore, in a sweet pepper 
greenhouse crop study, beneficial insects were achieved an applicable safer pest management, more effective and 
17.88% higher yield over the chemical pest control (Arnaouty, 2020).  Abou- Haider (2021) showed that biological 
control agents were equally or more effective in pest management compared to insecticides in greenhouse 
cucumber production under Mediterranean environmental conditions. 
Research about Myzus persicae (aphids) management through combined use of beneficial insects and thiacloprid 
in a greenhouse pepper cultivation noted the control effects of the beneficial insects as a pest management very 
efficient both at lower and higher tempratures. But they added their worries about the high mass production cost. 
They suggested the use of a low- risk pesticide combined with beneficial insects against aphids that had an excellent 
effect in aphids’ population and the cost was similar to the cost of chemical control (Lin et al., 2021). However, it is 
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required, in contrast to the long duration of natural enemies’ action. So, the total pesticides costs, the added 
pesticides residues in products, the working environment risks with the applications and phytotoxicity hazards 
have to be considered. Also, there are researches demonstrated the higher economic benefits to sweet pepper 
production by the application of beneficial insects (26.45% higher) than the chemical control (Arnaouty, 2020). In 
addition, product costs are continuing to decline due to developments in production technology (Samada et al, 
2020). It is worth mentioning, a study in a hemp cultivation under pesticides use indicated that 87% of the samples 
contained fungicides and insecticides in the range of 0.01-185 μg/g. These contaminants are very harmful for the 
public health and Immediate regulatory measures have to be taken (Amendola et al., 2021).     
Furthermore, a research, in Germany, indicated the consumer’s willingness to pay more for plants (edible, no 
edible) protected by beneficial insects instead of pesticides (Lehberger et al, 2021). 
It should be noted, that in medical cannabis cultivation there are pesticides prohibitions, including in Greece, the 
Law 4523/2018 was introduced, which regulates the production and processing of medical cannabis. The second 
to the tenth-year profits were estimated to approximately 7.07 billion (Chatzigianni et al., 2020). That means, the 
costs of biological pest control (beneficial insects) are minor in comparison to profits in the medical cannabis 
cultivation and it is the safest method for plant protection. 
 
CONCLUSIONS 
 To sum up, the issue of hazards posed by pesticides to human health and the environment has raised concerns 
about the elimination of pesticides. Pest management with natural enemies is a promising, very effective, safe 
method for plant protection. Our results indicate that beneficial insects could control pest populations up to 100%. 
It is important to invest on using and developing biological method for pest control.  Further research have to be 
conductive in cannabis production, in order to be more comprehensible to the growers and the balance between 
cost and efficiency will be achieved. 
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